Background: Iatrogenic colonic perforation is a rare complication of colonoscopies. Nowadays, there are still no specific guidelines for the optimal management of these complications (open surgery with colonic resection and anastomosis or colonic diversion, primary repair, endoscopic clips, nonoperative management, and laparoscopic approach).
T he incidence of major complications after diagnostic or therapeutic endoscopic procedures of the colon is low and iatrogenic colonic perforation is rare. Nevertheless, in the last 10 years, since screening for colorectal cancer has been implemented and more operative colonoscopies have been performed (polypectomy, colonoscopic submucosal dissection...), the rising number of colonoscopies has caused a greater number of such complications. [1] [2] [3] The incidence is estimated in the range of 0.01% to 0.35% to 0.65% for diagnostic colonoscopy; during therapeutic procedures, the perforation risk range from 0.029% to 2.14% and has been reported in up to 3% in the various published series. [1] [2] [3] [4] [5] [6] [7] Specific guidelines for the optimal management of these complications are not there yet. Traditionally, open surgery has been the standard of care (laparotomy and colonic resection and anastomosis or colonic diversion, or primary repair and peritoneal lavage and drainage).
However, in the last years, different options have become available.
At present, patients with adequate bowel preparation, in selected asymptomatic cases, have been managed nonoperatively, with careful clinical observation, or, with minimally invasive techniques for diagnostic and/or surgical treatment. 2, [4] [5] [6] [7] [8] [9] In this study, we report a retrospective analysis of 9 patients operated on for iatrogenic colonic perforations between February 2002 and August 2009 to evaluate the advantages, if any, of minimally invasive surgery.
MATERIALS AND METHODS
Between February 2002 and August 2009, we have treated 9 patients with iatrogenic colonic perforation. We have been alerted by our endoscopists for suspected (4 cases) or confirmed (4 cases) colonic perforations.
All these patients underwent colonoscopy after preparation with 3 L polyethylene glycol electrolyte solution, the afternoon before the examination.
The last patient came from another hospital with symptoms of bowel perforation after colonoscopy for diverticular disease; she arrived 18 hours after perforation with abdominal pain, leukocytosis, signs and symptoms of peritonitis, and pneumoperitoneum.
About surgical treatment, in patient number 9, a linear stapler, blu load, was applied carefully to preserve the lumen, incorporating the defect.
In the other patients, the defect was closed using 1 (numbers1, 3, 4, and 5) or 2-layer stitches (number 6), using an intracorporeal technique.
In patient number 2, a laparoscopic resection with 2 cm margin from the perforation with laparoscopic linear stapler and terminal colostomy (Hartmann's procedure) has been performed.
In patient number 7, a laparoscopic descendingsigmoid resection and anastomosis was performed (treatment of perforation and diverticular disease).
A laparoscopic left hemicolectomy and ileostomy has been performed in patient number 8.
Detailed data concerning indications for colonoscopy, symptoms, site and size of perforation, sex and age, surgical treatment, elapsed time between perforation and surgical treatment, and operative time are summarized in Tables 1  and 2 .
Intraoperative colonoscopy has been performed when the site of perforation was unclear (patients numbers 1, 3, and 5).
In patient numbers 1, 3, and 5, we could visualize the perforation by means of insufflations carried out by the endoscopist while the colon was underwater (number 1 small perforation covered by epiploic appendix, number 3 perforation covered by omentum and by many visceroparietal adhesions, and number 5 small perforation).
In all patients, nasogastric tube was inserted and broad spectrum intravenous antibiotics were administered; administration was started at perforation diagnosis and continued for 72 hours, except patient number 1 (48 h), number 2 (96 h), and number 3 (120 h).
RESULTS
Operative time ranged from 50 to 190 minutes (left hemicolectomy), mean 82 minutes ( Table 2 ).
All patients underwent successful laparoscopic treatment (6 perforations treated by laparoscopic primary suture, 1 Hartmann procedure, and 2 colonic resection).
Patient number 3 had ileus for 3 days and fever for 4 days. Patient number 8 had wound infection in 2 trocar sites.
Patient number 2 complained against us and the endoscopists, and started a legal procedure after 1 year (despite successful restauration of intestinal continuity after Hartmann procedure performed 6 months later).
Postoperative stay ranged from 3 (patient number 1) to 9 days (patient number 3), mean 5.8 days. The postoperative course was uneventful in the other cases.
After 40 days, ileostomy closure was performed in patient number 8.
At 6 (case number 9) and 12 months follow-up, the patients were in good clinical conditions.
DISCUSSION
Iatrogenic colonic perforation is the most serious complication of diagnostic and therapeutic colonoscopy. In this event, morbidity and also mortality are much increased if bacterial intracolonic load spreads into the peritoneal cavity with peritoneal contamination that can quickly progress to peritonitis and generalized sepsis. In the last decade, the growing number of diagnostic and operative colonoscopies, have determined an increasing rate of colonic perforation. [1] [2] [3] 9, 10 In literature, the incidence of iatrogenic perforation is low and can range from 0.002% to 0.66% for diagnostic colonoscopy, whereas during therapeutic procedures, the perforation risk ranges from 0.029% to 2.14% and may achieve 3%. [2] [3] [4] [5] [6] 8, [10] [11] [12] [13] [14] [15] [16] The mortality risk, in various published series, has ranged from 0.01% to 0.34%, whereas mortality in patients with perforation can achieve 25.6%. 2, 4, 6, 8, 10, [12] [13] [14] [15] [16] All surgeons and endoscopists agree that a prompt and appropriate treatment is required, but as this complication is rare, in the last 10 years the treatment has evolved and more options are possible. At present, the optimal management is still debated and remains controversial.
To select the optimal treatment, we must consider the type of perforation, the quality of bowel preparation, the time from perforation, the different colonic pathology, the level of peritoneal contamination, and patient's clinical conditions.
The mechanisms of colonic perforation are various: in diagnostic colonoscopy, they are mechanical and perforations are usually large because of direct laceration caused by the tip of the endoscope, by lateral pressure of a loop, by over insufflation, or they can occur in a pathologic area of the colon. In therapeutic colonoscopy, lesions are usually small and generally due to ischemia caused by electric or thermal injury.
The patient who undergoes colonoscopy, usually have mechanical preparation by polyethylene glycol electrolyte solution 12 to 18 hours before the examination. The intracolonic bacterial load is markedly decreased.
These peculiarities are at the root of the treatment evolution in the last decade.
Traditionally, laparotomy with bowel resection and anastomosis, or colonic diversion have been preferred. In the last years, many authors have advocated primary repair of colonic perforation.
Although surgery remains the standard of care, nonoperative management is suggested as well.
In fact, for small perforations, especially those occurring during therapeutic colonoscopy and in very selected patients, asymptomatic and/or without signs of peritoneal irritation during the observation, with optimal colon preparation, the patients can be managed without surgery. They should be kept fasting for bowel rest, with nasogastric tube and broad-spectrum intravenous antibiotics. [4] [5] [6] 9, 12, 13 Strict monitoring of peritonitis signs should avoid the risk of missing the right time for surgery.
This approach minimizes morbidity and mortality of bowel surgery. Immediate operative repair is mandatory if minimal signs of peritonitis or changes in the clinical status occur.
These options (primary repair or nonoperative treatment) are possible in patients with a good colon preparation. In a prepped colon, the intracolonic bacterial load is markedly decreased and the amount of peritoneal contamination should be minimized.
Endoscopic clipping to close perforation has been suggested for small (<10 mm) parietal defects. The endoscopic repair must be carried out immediately, therefore, endoscopic clipping is feasible only if the endoscopist recognize the perforation during colonoscopy. [13] [14] [15] 17, 18 Owing to the small number of patients, these data must be interpreted with caution. 17, 18 Even in these cases, strict monitoring of initial peritonitis signs is recommended to avoid the possibility of a delay in surgical treatment.
Recently, some authors have suggested that the use of laparoscopic technique could be safe and effective in management of iatrogenic colonic perforation, but there are still few reports on laparoscopic access for management of iatrogenic colonic perforation. [5] [6] [7] [8] [19] [20] [21] [22] [23] [24] [25] [26] Hansen et al 8 treated 11 patients by laparoscopy, and they reported only 21 further cases in whom laparoscopic treatment was attempted. In a review, we found only 44 more patients in whom laparoscopic repair was performed (most cases are reported by Rumstad and Schilling, 19 Bleier et al, 5 and Rotholtz et al 26 , respectively, 12, 11, and 14 cases) with no morbidity and mortality. [20] [21] [22] [23] [24] [25] Our experience consists of 9 patients, with iatrogenic colonic perforation, approached laparoscopically without intraoperative and postoperative mortality and only little morbidity.
In our opinion, laparoscopic approach is a good choice for the management of colonic perforation because it allows to explore the entire abdomen and the colon, to identify the perforation (directly or with the help of intraoperative colonoscopy). The repair can be carried out with a simple colorrhaphy (1 or 2-layer stitches), or with a tangential resection.
The timing of diagnosis and immediate surgery is important to avoid peritoneal contamination and to have more chances to perform a primary colonic repair.
We used to perform 1-layer suture, however, double layer has been performed in patient number 6, because of a large perforation with bleeding from suture line.
We also can use a linear stapler to close more quickly a large defect in antimesenteric side; (patient number 9, a large defect was closed more expeditiously with stapler).
If primary colonic suture is impossible because of the condition of the colon, and peritoneal contamination, laparoscopic resection or a colonic diversion like Hartmann procedure (patient number 2) can be successfully carried out laparoscopically with all the advantages of minimally invasive surgery. The level of peritoneal contamination and colon conditions suggest the choice between bowel resection, ileostomy, or colonic diversion.
Surgical procedure should be identical to that used in open repair, and follow to surgeon's experience.
In 2 patients (number 7-diverticular disease-and number 8-colonic cancer-), we selected a definitive treatment of their pathology.
In case of difficulty, laparoscopy can be converted to an open procedure.
During laparoscopy, it is necessary to copiously irrigate the abdomen, (we used to perform lavage with 6 to 8 L of saline solution), and visualize the exact site of perforation through a wide mobilization of the colon, that is mandatory if the site of perforation is in the retroperitoneum.
Conservative treatment, preferred by some authors in very selected patients, is the real noninvasive treatment, 4-6,9,12,13 but it is not without risks. Failure of conservative treatment or delay in performing surgical approach may cause serious complications, requiring more extensive surgical procedures with increased risk of peritoneal infection, poor outcome, major morbidity, and also mortality caused by sepsis. 4, 10, 16, 17 Laparoscopic surgical repair of iatrogenic colonic perforations is a good choice to minimize morbidity and mortality; this treatment is safer than nonoperative treatment, and entails less invasiveness and complications than open surgery. This approach was the best strategy for our patients.
Moreover, colonic perforation is one of the most frequent causes of legal problems for the endoscopists, and laparoscopic treatment is interesting also to avoid the negative psychological impact of major surgery.
CONCLUSIONS
Laparoscopic treatment of iatrogenic colonic perforations is a good compromise between the potential risks of nonoperative strategy and more invasive surgery and could be used as first step in the management of these complications. It has been a feasible option in our patients.
We think that laparoscopic approach can be performed in all cases, as an initial procedure, in these complications. Conversion to laparotomy is always possible.
An open surgery approach is in our opinion preferable if bowel distension due to peritonitis, precludes a safe access and surgical treatment.
Further studies are necessary to achieve full validation of this approach.
